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1. ABSTRACT 
This paper deals with the mackerel egg investigations in the North Sea 
in 1982 and 1983. The egg production is estimated by a computerized 
method. The confidence limits of the egg samples were estimated at 
20-301.. The optimum future distribution of sampling effort in the 
area is calculated according to Neyman allocation. A comparison of the 
fecundity of mackerel from different areas measured by different 
methods is done. The size of the North Sea spawning stock is estimated 
based on the egg surveys and the fecundity studies. 
2. INTROOUCTION 
Mackerel egg investigations have been carried out in the North0 Sea by Norway since 1968. In the early years, the area north of 57 N was 
covered once during June/July. In 1960-·1983 the investigations were 
extended and the spawning area was surveyed several times during the 
season to give an estimate of the total egg production. In 1982, also 
the Netherlands and to some extent Scotland participated in these 
investigations ( Iversen and Eltink, 1983, Walsh, 1983). 
3. EGG OlSTRIBUTION AND SAMPLING OESlGN 
During the first years the area north of 57°N was covered once in 
June-July. A Juday net, diameter 80 cm and meshsize 500~. was hauled 
from a depth of 50 m or 5 m above the bottom to the surface. The gear 
was abandoned due to difficulties in operating the net in a standard 
way in all weather conditions, and the hauls were often more oblique 
than vertical. lversen (1973) investigated the depth distribution of 
mackerel eggs under different weather conditions in the North Sea 
using Clarke-Bumpus samplers and concluded that up to 851. of the eggs 
are distributed in the upper 5 m of the water column and that nearly 
all. the eggs are in the upper 20 m. Therefore it is essential that the 
surface layer is sampled representatively. 
In 1980 the investigation was carried out with a 20 cm (~00~) Bongo 
net for the first time. fhe Bongo net was operated stepwise in the 
depths 20, 15, 10, 5 m and just below the seasurface. The Bongo net 
was chosen because it is easy to handle from the side of the vessel. 
In this way the sampled water was not influenced by the ship's 
propeller. The sampler was equipped with a sounder to measure the 
sampling depth and a flowmeter to mea sun:?- the f1lt rated water volume. 
[t was then possible to control the depth of the sampler. 
The investigations have clear demonstrated that there is a certain 
pattern in the horizontal distribution of mackerel egg with the 
highest egg densities always occu ing in the central part of the North 
Sea in June-July . It is obvious then that a random survey in time 
and space is not an optimal sampling scheme. A summary of the number 
of eggs sampled per haul in 1982 and 1983 together with a Neyman 
allocation (Cochran,1963) using the same data is presented in Fig. 1. 
A proposed distribution of sampling e·ffort in different areas is shown 
in Fig.2. 
A station with very high egg densities may contribute considerably to 
the estimate of total egg production (see section 6). Therefore a 
special sampling strategy should be used to find the size of the area 
represented by the big egg sample. It is essential then that a pre-
liminary count of the number of eggs in the sampler shoul.d be done 
immediately after the station is taken. If the number of eggs are 
above a limit then some more stations (three ?) should be taken in a 
radius of one nautical mile from the station, before the ordinary 
programme is continued. 
3. AGE[NG OF MACKEREL EGGS 
Mackerel eggs from the North Sea have been staged according to data 
published by Oanielssen and Iversen (1977). The applied stage for 
production estimates, mackerel eggs without visible embryo, includes 
eggs from time of hatching until formation of the primitive streak. 
This stage then includes eggs which are older than stage 1A and 18 
from the Western area (lockwood ll·ll· 1981). Oanielssen and rversen 
op.cit. observed the development once a day, and interpolation had to 
be done to estimat~ the actual age of the eggs sampled in the spawni8g 
ar,a. Jhe experjments were carried out at constant temperatures 12 , 
14 , 16 , 18°, 20 and 22°c. Lockwood . .tl.. oo.cit. did similar 
investigations at the same temperatures, but the development was 
observed more frequently, at least 4 times per 24 hrs, consequently 
the ageing based on this investigation should be more precise. 
rn 1983 the ageing of the North Sea mackerel eggs were done in 
accordance with this data. This is correct if the development under 
the same temperature regimes in the Western area and in the North Sea 
are the same. This seem to be a reasonable assumption since it is the 
same species and the areas are not geographically very far apart. 
Comparing the data for the two investigations it seems that the egg 
development rate is similar for the two areas. 
5. SPAWNING PERIOD 
The timing of the surveys are essential for estimating the total egg 
production. The surveys have to be done within the spawning period and 
it is especially important that the period of maximum spawning 
intensity is sampled representatively. The duration and intensity of 
the spawning has been investigated at Ekofisk since 1976 and at Cod 
since 1981 ( Bakken et . .a! 1977, Iversen 1981, 1982 and lversen and 
Eltink 1983). The samples were supposed to be taken two times per day 
in the period mid May mid August with a Juday net. Due to technical 
reasons this has been difficult to achieve every year. In the early 
1970s the Ekofisk was centrally situated within the spawning area. 
During later years the western border of the spawning area has been in 
the Ekofisk area. 
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The spawning in the North S sts for about two months. The 
spawning period t Ekofisk h s been h n the period mid May to mid 
August. The longest spawning pe iod o 11 weeks at this location was 
observed in 1980, week 23-33, with a maximum in week 27,the beginning 
of July. The shortest period was observed in 1981, week 27-31, with a 
maximum in week 29. In 1982 the spawning at Ekofisk started the last 
week of May and ended the second week of July, with a maximum in mid 
June. The sampling location was situated well within the spawning 
area. A combination of the results from the surveys and the spawning 
intensity data give the spawning periods for the years 1980-1983 as 
shown in Table 1. 
6. FECUNDITY 
To convert the total egg production estimate to spawning stock size 
the fecundity and sex ratio of the stock must be known. For the North 
Sea mackerel the sex ratio is 50/50 (Iversen 1981}. The fecundity of 
a female is defined as the number of eggs spawned within one season. 
Data on fecundity of mackerel are available from several 
investigations, Macer (1976), Barges (1980), lockwood e~. ll (1981),Martins and Gordo (1963) and Walsh (1983). These 
investigations are based on the classical method by preparing the 
ovaries in Gilson's fluid. Horse (1981) and Iversen and Adoff (1983) 
used a histological method. This method was applied by Iversen and 
Adoff because it seemed from the investigations done by Borges et. tl (1980) that a lot of ova in young s s were ruptured by the Gilson's 
fluid and these results are excluded in Fig. 3. 
The measurements of the fecundity of a 35 cm mackerel ranges from 
350 000 to 600 000 eggs, and 700 000 to 1 100 000 eggs for a 43 cm 
fish (fig.3). The difference is probably due to the different methods 
applied in the different investigations, although mackerel from 
different areas might have different fecundity. 
7. TOTAL EGG PRODUCTION 
The number of eggs produced per day per square meter is calculated for 
each station. Based on this a uction estimate for the total area 
per day could be calculated either hand or by a computer program. 
The computer routines used is contained in the MAP-LIBRARY from the 
Institute of Marine Research~ Dergen (unpublished manuscript). The 
routines are written i FORTRAN. The interpolation routine in this 
package is called ZGRID and is des and documented by Taylor, 
Richards and Halstead (1971). To use this routine the stations have to 
be projected on to a map and a placed upon the map (Fig. 4). The 
routine then interpolates a value to each grid point (Fig. 13-16). 
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Depending on the v lue rameters to the routine the 
interpolation method is Wh the variable CAY is set 
to zero, a two dimens int rpolation is performed. If CAY 
has a high value a s chnique is used. With the 
input variable NRNG the user decides how many grid units a grid point 
may be away from any datapoint and still being defined. Parts of the 
grid may be set to undefined before ZGRIO is used. This can be done 
in two ways, either the coastlines in the map frame or using a polygon 
given manually. This polygon defines the surveyed area. In this 
present paper a polygon defines the surveyed area. The interpolated 
values from ZGRIO are entered into the routine INTGRT which integrates 
the interpolated data taking into consideration the geographical 
position of each gridpoint. The output is the total number of eggs 
produced per day in the surveyed area and time period. 
It is realised that the computer program may produce different results 
with the same data set depending on the values of CAY and NRNG. 
Therefore a survey data set was picked at random and two persons 
calculated independently a production estimate for the survey by hand. 
They arrived at practically the same f When the same survey was 
given as input to the computer program together with reasonable values 
of CAY and NRNG the program also rrived near these figures. These 
values of CAY and NRNG were then applied for the other surveys. 
It is important to note that one station with an extremely high 
number of eggs may, with the present density of stations, contribute 
considerably to the total production estimate. This was clearly 
demonstrated by the program when one station with high egg density was 
left out of the calculations. 
The establishment of a standard computer program has several 
advantages, the results can be presented immediately and it is easy to 
explore the effect of different parameter . 
A polygon placed just outside the outer stations of a surveyed area 
assures a minimum estimate of the amount of eggs produced in the total 
spawning area. In some cases, especially if there are stations with 
high densities of eggs in the rim of the surveyed area, indicating 
that the surveyed area was too small, then parts of the grids could be 
blanked using the coastlines and then let the value of NRNG decide how 
much of the rest of the grid that should be set to undefined. In this 
way an estimate of egg production closer to reality is produced. 
8. SPAWNING STOCK SIZE ESTlMATES FOR 1982 ANO 1983 
The egg production and spawning stock size for the North Sea in 1982 
is given in lversen and Eltink {1983) and Anon (1984a). The egg 
production estimated is done drawing isolines by eye and then 
integrating the area within each isoline. 
Figs. 5-8 give the station grids for the four surveys in 1983. The 
observed distribution of stage tA and 18 eggs (lockwood ll_. _ti. 1981 
for the different surveys are shown in Figs. 9-12, the isolines are 
drawn by eye. The spawning started in a rather narrow area Fig.9. 
During the following surveys the spawning area was much wider. The 
interpolated values for each grid intersections for the four suveys 
are shown in Figs. 13-16. The polygones delineating the area for 
computerized egg production estimates for different coverages are 
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The total egg production nd corres spawning stock size 
estimates for 1982 and 1983 are shown in Tables 2 and 3. 
Tre tecundity/weight relationship {lversen and Adoff, 1983): f=560 X 
W • 1 (W = weight in gram) is close to linear in the range of actual 
fish weights. The spawning stock size estimates given in Tables 2 and 
3 are based on this relationsh 
The last ICES Mackerel Working Group (Anon.1984b) applied spawning 
stock size estimates of 190 000 and 240 ODD tonnes in 1982 and 1983 
respectively. These estimates ware based on the present computer 
program for calculating the egg production and the fecundity weight 
relationship given by rversen nd Adoff (1983). 
9. SAMPLING DISTRIBUTION AND CONFIDENCE LIMITS 
The accuracy of the mackerel spawning stock estimate is dependent of 
several factors as standardization of sampling procedures and gear, 
the egg distribution sampled from in the field, mortality of eggs, the 
accuracy of the measurement of fecundity and the sex ratio are among 
the most important. 
Here only the confidence limits for the egg production estimate based 
on the plankton surveys are invest ted. Consequently this is a 
m1n1mum estimate of these limits. To establish confidence limits of 
the sampled mean of the stations sampled, the statistical distribution 
of number of eggs per station in time and space should be known. The 
Poisson distribution is assumed to be a reasonable approximation of 
the distribution we sample from locally. We sample the same volume 
from each depth interval in the water column each time. It is assumed 
that the eggs are randomly distributed horizontally in this small 
area. We further assumes that the volume we sample each time, v , is 
much smaller than the total volume in the area, V. Then, n ,the 
number of eggs in the sample is a Poisson distributed stochastic 
variable with parameter,A: 
E{n } = )\ :; N . v ( 1 ) 
Where N is the total number of eggs in the area. The coefficient of 
variation K for this distribution is: 
( 2) 
According to (2) the coefficient of variation decreases if the overall 
density of eggs in the area is high and/or if the sampled volume per 
station is high. We also see that if v varies from station to 
station a new element of variance is introduced. Consequently v should 
be kept constant this is also emphasized by Pennington and Grosslein 
(1978) in their paper on trawl surveys. 
The simple model above is of course not valid over extended areas and 
time periods. The parameter " is in itself a function of time and 
space. Therefore the total distribution sampled is not immediately of 
a known type. This is a prerequisite to establish the exact 
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confidence limits. Distributions used for t awl and plankton surveys 
are the negative binominal and delta distribution {e.g. Pennington and 
Grosslein, 1978), and the log normal d stribution (Pope, 1978). fasham 
(1978) emphasizes that the structure of he governing equations of the 
process in time and space should be known. The nature of the 
underlying distribution can then be deduced from spectral analysis of 
the data. He also points out that there is almost as many mathematical 
models as there are data sets to test the models. We think that the 
method proposed by Ulltang (1 78) is the best approach to estimate 
confidence limits for the mackerel egg surveys in the North Sea. The 
stations in 1982 and 1983 are lmost evenly spread out in time and 
space in the egg production season and can be anticipated to be 
randomly sampled in time and space. We pick randomly stations from 
this distribution, the same number of times as there are stations, and 
calculate the mean. This was repeated 10 000 times and thereby an 
emperical sample mean distribution wa generated. From the generated 
distribution the 90 X confidence limits could be obtained. This will 
be an estimate of the upper and lower· confidence limits of our 
production estimate. We have done this for the 1982 and 1983 surveys 
based on all stages of eggs. The s mean distributions are shown 
in Fig. 17 and 18. The text table below give some important 
parameters of these empirical distributions. It is seen that the 901. 
confidence limit$ were about 0 Z in 1982 and ~30 1. in 1983. 
Year Mean sample Mean n:r. Lower Upper A A N 
vo}ume per haull9o/. conf. 901. conf. m in max haul 
(m ) 
1982 65.4 56.9 46.6(-18. 11.) 67.7(+19.01.) 40.5 81.1 584 
1983 72.2 107.5 79.2(-26.31.) 140.7(+30.97.) 57.6 173.2 369 
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Table 1. The spawning periods of rnackerel in the North Sea 1980-1983 
Year Period Duration (days) 
1960 30 Hay - 1 0 August 72 
1981 25 May - 28 July 65 
1982 17 May - 25 July 70 
1983 17 May - 25 July 70 
Table 2. Production estimates for 1982. 
Stage 1 eggs Stage 2 eggs 
-~-
T ime Manual 
method EOB EOB 
7/5-82 0 0 0 
2 4/5 - 9/6-82 2. 3 1 01 2 2.8 1012 1.3 1012 
3/6 - 16/6-82 2. 4 1012 2.1 1 01 2 3. 1 1012 
6/6 - 30/6-82 2.3 1 01 2 2.9 1 01 2 3.0 1 01 2 
1/7 - 15/7-82 1 . 1 1 01 2 1.2 1 01 2 0.8 1 01 2 
1/1 - 30/7-82 0.05. 1 01 2 0. 1 101 2 0.2 1 01 2 
2 6/7-82 0 0 0 
-
T otal 105 1 01 2 126 1 01 2 109 1 01 2 
000 tons 160 190 165 
Table 3. Production estimates for 1 83. 
Stage 1 eggs Stage 2 egg s 
-- -------=.----
-
T ime Manual 
method EOB EDB 
- -
7/5-63 0 0 0 
2 5/5 - 4/6-83 0.9 1 01 2 1 . 1 1 01 2 0. 14 ' . 1012 
4/6 - 23/6-83 4.6 1 01 2 4.9 1 01 2 0.92 1 01 2 
2 4/6 - 1/7-83 3. 1 1012 * 3.8 101 2 * 3.3 1 01 2 
2/7 - srt-83 1.1 1 01 2 1.1 1 01 2 1.6 1 01 2 
25 /7-83 0 0 0 
To tal 142.4 1012 160.5 1 01 2 88.5 1 01 2 
1 0 00 tons 215 240 135 
* This survey covered parts of the spawning area. Therefore the 
estimate based on this sur.vey was increased by 401. to give a total 
egg production estimate. 
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Fig. 13. Interpolated values of each grid intersection for 
the first survey in 1983. 
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Fig. 14. Interpolated values of each grid intersection for 
the second survey in 1983. 
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Interpolated values for each grid intersection for 
the third survey in 1983. 
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Interpolated values for each grid intersection for 
the fourth survey in 1983. 
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Simulated sample mean distribution of the mackerel egg surveys in 
the North Sea in 19820 Mean, upper and lower 90 percent confidence 
limits of the distribution are indicated by arrows. 
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Simulated sample mean distribution of the mackerel egg surveys in 
the North Sea in 1983. Mean, upper and lower 90 percent confidence 
limits of the distribution is indicated by arrows. 
